a b s t r a c t Intramuscular myxomas (IM) are rare benign tumors of mesenchymal origin. These tumors have a high myxoid content and a nonspecific radiologic appearance. Here we describe the case of a patient with an IM in an infrequent location; within the obturator externus muscle.
Background
Myxomas are mesenchymal benign tumors of unknown etiology, characterized by abundant extracellular myxoid matrix secreted by the tumor cells [1] . Intramuscular myxomas (IM) were initially described by Enzinger in 1965, as a solitary myxoid mass arising in a large skeletal muscle [2] . Other than intramuscular, other subtypes of myxomas exist such as juxta-articular myxoma, aggressive angiomyxoma, superficial angiomyxoma, and nerve sheath myxoma [3] . IM usually occur in patients between the fourth and sixth decade and have female predominance [4] . The clinical presentation is of as slow growing painless mass, nonetheless the majority of the patients are asymptomatic. Other possible presentations are usually nonspecific and depend on the affected area and the size of the mass [5] . Most frequently they appear as a solitary mass, but they can also be a part of a syndrome such as Mazabraud's and present with multiple masses in * Corresponding author. E-mail address: belzarenaa@hss.edu (A.C. Belzarena). association with fibrous dysplasia [6] . McCune-Albright is another syndrome characterized by the presence of myxomas, polyostotic fibrous dysplasia, café-au-lait spots, and precocious puberty [7] . Almost half of these tumors are present in the thigh, with much less frequency they occur in the buttock, leg, and arm [8] . These rare tumors have an incidence of one case per million population a year [9] . Imaging studies should be performed prior to any surgical procedure, with contrasted Magnetic Resonance Imaging (MRI) being the gold standard for the diagnosis of soft tissue tumors. Myxomas imaging characteristics may overlap with some other neoplasms with a myxoid component including soft tissues sarcomas such as a myxoid liposarcoma or a myxofibrosarcoma among others, thus correct imaging tools and careful assessment of the diagnostic images is paramount [10, 11] . The treatment of choice for this benign tumor is a marginal complete excision; local recurrences are rare and there is no risk of metastases or malignant differentiation [12] . Here we report the case of a patient with an IM in the obturator externus muscle that was managed surgically. A singular approach was utilized for the resection of this tumor in such rare location.
Case presentation
A 61-year-old previously healthy woman presented with a recent complaint of pain and discomfort over her left anterior ischium, elicited only at extreme ranges of motion in her left hip. There was no history of trauma, weight loss, fever, swelling, or erythema. No masses were appreciated on physical exam. Strength and range of motion of her hip, knee, and ankle were normal and equal bilaterally. Sensation to light touch remained intact in all dermatomes of both legs.
The patient had a pelvis and left hip radiographs performed at an outside institution prior to reaching care at our center. On the radiographs no mass or abnormality is observed on the area of discomfort. MRI with contrast was then obtained and revealed a 4.5-cm heterogeneous mass within the body of the left obturator externus muscle. The mass presented with heterogeneous, patchy internal enhancement as well as weak peripheral enhancement on postgadolinium sequences. On T2 sequences the mass demonstrated hyperintensity and internal septations, no peripheral edema was seen ( Picture 1 ). Imaging was reported as most concerning for myxoma, atypical peripheral nerve sheath tumor, or sarcoma such as a synovial sarcoma or a myxoid liposarcoma.
Treatment
We elected to not to pursue an anterior approach through the pectineus muscle to avoid the femoral artery, vein and nerve, as well as to avoid the medial circumflex artery that lies lateral and deep to pectineus. The tumor was not palpable and based on the imaging a 7-cm length incision was made in the medial proximal thigh starting at the groin crease and extending distally ( Picture 2 ). A plane was identified between the adductor longus and the gracilis muscle. The adductor brevis was retracted, and the tumor was palpated behind it, in the obturator externus muscle substance ( Picture 2 ). The mass was well encapsulated and most of it easily separated from the surrounding muscle. The tumor was of gelatinous consistency and a whitish-gray color; it measured 4.5 cm by 3.3cm by 3.5cm. The histologic examination confirmed the diagnosis of an IM. The partially encapsulated mass under the microscope revealed uniform spindle to stellate-shaped cells with eosinophilic cytoplasm and small nuclei surrounded by abundant myxoid stroma. Mitoses, pleomorphism, hyperchromasia, or necrosis were not present.
In the follow-up the patient presented with total resolution of the previous symptoms.
Discussion
Even though the true etiology of this rare tumor remains unknown, some authors tried to explain the pathogenesis behind it, proposing that this tumor is the result of the failure to produce mature collagen by stellate cells that may actually be altered fibroblasts [2] . Enzinger was the first one to describe an IM, but prior to him Virchow reported on a benign tumor with a consistency similar to the tissue in the umbilical cord. He was then followed by Stout, who in 1948 characterized this tumor histologically as composed by a myxoid stroma with undifferentiated stellate cells embedded in it [1, 13] .
In most patients IM are asymptomatic, when they do present symptoms, they could range from a painless growing mass or like in our patient a mildly painful mass. These benign tumors do not invade the surrounding structures, but they can cause symptoms by compression of structures such as nerves, vessels, or even the nearby muscles. It is important in these patients to look for other masses or bone lesions to rule out syndromes such as Mazabraud's or McCuneAlbright's [6, 7] . Our patient had a solitary mass and presented with no associated bone abnormalities, as observed in the MRI ( Picture 1 ).
In the case presented we opted for obtaining a contrasted MRI previous to the surgical procedure since this was the study that could provide us with more information regarding the diagnosis and the planning of the resection and is the current standard of care for patients with soft tissue neoplasms. On radiograph these tumors may present as a nonspecific mass with no calcifications and on ultrasound they appear as a cystic hypoechoic lesion. Under computed tomography the classic image is of a cystic homogenous mass with low attenuation [11] . On MRI, IM can be observed as homogenous masses with sharp borders, hypointense to muscle on T1-weighted sequences and brighter than fat on T2-weighted ones. Myxoid matrix has a high content of water resulting in those characteristic MRI images, that can also be observed in other myxoid tumors [14] . The potential list of differential malignant diagnoses should include myxoid liposarcoma, myxoid malignant fibrous histiocytoma, low-grade fibromyxoid sarcoma, and extra skeletal myxoid chondrosarcoma among others. On the contrasted sequences internal enhancement can be observed. According to some authors a peripheral fat rim and enhancement in the surrounding muscles under T2-weighted sequences are the most reliable findings to diagnose an IM [10] . In the case of our patient, the tumor did present with a fat layer surrounding it, but we did not observe enhancement in the adjacent muscles. Previous studies have characterized myxomas under Fluorine-18 fluorodeoxyglucose positron emission tomography-computed tomography (F-18 FDG PET-CT), as a mass with low uptake, with SUV values ranging from 1.3 to 3.2 for diagnostic and control of residual disease purposes [15] [16] [17] .
In the setting of a doubtful diagnosis a biopsy would be indicated the majority of times prior to the surgical resection, after a thorough multidisciplinary discussion at a sarcoma tumor board we elected not to perform it in this patient. Tumors beyond 5 cm in their longest dimension are considered suspicious of malignancy, which was not the scenario encountered [18] . Additionally, if the tumor was ultimately diagnosed as malignant after its resection, with its small size we could have easily achieved negative margins, the treatment of choice for soft tissue sarcomas smaller than 5 cm. Furthermore, diagnosing myxoid tumors on a fine or core needle biopsy can be extremely challenging for the pathologist and in previously published series, the accuracy of needle biopsies for the correct diagnosis of IM was only 38% [12] .
On gross examination IM have a round-oval shape and are well circumscribed, though they only possess a partial pseudocapsule [2] . Under histologic examination myxomas are composed of undifferentiated stellate cells in a myxoid stroma with reticulin fibers, vascularization is poor, and necrosis or atypia are not expected [19] . In the year 2000 the GNAS mutation associated to myxomas was discovered and though it is only present in 29%-61% of the tumors it can be helpful in differentiation IM from low-grade myxofibrosarcomas [20, 21] .
Other approaches have been described to access the obturator muscles, for instance to drain abscess in the pediatric population or to access the ischium during the Tonnis periacetabular osteotomy, but the plane described was between the adductor longus and pectineus muscle [22, 23] . A similar approach is also utilized in general surgery for the treatment of obturator hernias, but then again, this approach is over the adductor longus and cuts through the pectineus muscle to get to the obturator foramen [24] . For our patient we chose the path that would have rendered the easiest approach to get to the tumor. Thus, we performed an intermuscular plane between the adductor longus and the gracilis, followed by finger dissection through the adductor brevis, since the tumor was easily felt just behind it.
Conclusion
In summary, IM are benign tumors with good prognosis however they may be sometimes difficult to characterize on imaging. For such reason patients may opt to undergo a surgical resection. Our case presented with an unusual location, which required an unusual approach to reach the mass within the deep root of the lower extremity.
Supplementary materials
Supplementary material associated with this article can be found, in the online version, at doi: 10.1016/j.radcr.2019.04.018 .
